Slow-release N fertilizer is considered an eff ective method of improving the N use effi ciency (NUE). To investigate yield and N uptake of bowl-seedling machine-transplanted rice (Oryza sativa L.) with slow-release N fertilizer, three fertilizers treatments including slow-release fertilizer blend (SFB), polymercoated urea (PCU), and sulfur-coated urea (SCU), and two fertilizer methods including single basal application (B), and combined with tillering urea (BT) were performed from 2013 to 2014 in Jiangsu Yellow Sea Farm of China. Conventional split fertilization (CK) and zero N treatment (N0) are controls. Yield and NUE improvement was found in PCU under both fertilization methods in both years when compared with the CK. Th e SCU only showed a slight yield increase in 2014, while SFB increased the yields and NUEs under both fertilization methods in both years. Th e BT-SFB got the highest yields as 13.6 and 13.3 Mg ha -1 , as well as increased 7.9 and 10.8% compared with CK in both years, respectively. Th e recovery effi ciency of N was also the highest for BT-SFB with 52.7 and 38.5% for 2013 and 2014, respectively. Th e results indicated that SFB can meet the rice N demand and improve the yield and NUE, and the combined application of tillering urea and SFB was better than that of single basal application with SFB.
R ice is one of the major food crops in China and a staple food for more than 65% of the national population; therefore, the improvement of rice production plays an important role in the food security of China. With the transfer of the rural labor force and the improvement and promotion of agricultural machinery and agronomic practices, the importance of rice planting mechanization has become increasingly prominent (Valipour, 2014) . Additionally, fertilizer plays an irreplaceable role in increasing food production and ensuring food security (Li, 1998) . Issues related to the levels of N application, low N recovery effi ciency, and frequent fertilization remains in the production process of rice. Th erefore, the study of slow-release fertilizer techniques in rice under mechanized transplantation conditions has great signifi cance in relation to high-yield and high effi ciency.
Mechanized transplantation has gradually become the main process of effi cient rice production (Hu et al., 2014) . Mechanized transplantation can assign the row, planting hole, and seedling so that the insertion depth, spacing, and planting quantity are all adjustable (Qian et al., 2009 ). Bowl-seedling machine transplantation is a new approach to rice planting (Hu et al., 2014) . It reduces damage to the seedling and root because the seedlings grow in many small pots, so that the seedling can grow directly aft er transplantation without a reviving stage (Hu et al., 2014; Song et al., 2000) . It consumes less seeds, damages fewer plants during transplantation, and does not damage roots; it produces a neat spike, consistent maturation, and signifi cantly increased yield (Li et al., 2008; Yu et al., 2011) . Th is process is considered an innovation and transformation in rice cultivation technology by rice experts (Hu et al., 2014) ; however, a systematic study of N fertilization in bowlseedling machine transplanted rice has not been conducted.
Traditional fertilization approach requires frequent applications and leads to a low recovery effi ciency (RE N ) of the rice paddies, which is mostly 30 to 35% (Zhu, 2000) ; in addition, the agronomy effi ciency (AE N ) decreased from 15 to 20 kg kg -1 in 1958 to 1963 to 9.1 kg kg -1 in 1981 to 1983 (Cassman et al., 1996; Witt et al., 1999; Yoshida, 1981) . The application of slow-release fertilizer is considered an effective method of reducing the amount of fertilizer and improving the utilization efficiency of fertilizer (Wada et al., 1991; Inubushi et al., 2002; Nelson et al., 2014; Singh et al., 2004; Xie et al., 2006; Yasmin et al., 2007) . Zhang et al. (2007) indicated that application with sulfur-coated urea (SCU) could get greater rice yield than urea at the same N application rate. Li et al. (2013) reported that rice with single basal application of polymer-coated urea (PCU) could obtain higher yield and N utilization efficiency compared with SCU. However, Rodrigues et al. (2010) indicated no differences in dry matter yield between urea and slow-release fertilizers treatments of tall cabbage. Nitrogen is typically applied at different growth stages during the season (Li et al., 2014) ; therefore, the types of slow-release fertilizer and their fertilization methods must be investigated.
This study compared the impact of different types of slowrelease fertilizer and fertilization methods with the combined application of tillering urea to determine the effects on the yield and N recovery efficiency (RE N ) of the bowl-seedling machine transplanted rice; the results should provide information to support integration technology for rice machine transplantation and fertilization.
MATERIALS AND METHODS

Materials for the Test
The field experiments were conducted from 2013 to 2014 in the paddy field of Jiangsu Yellow Sea Farm. Soil samples from the 0-to 20-cm layer were collected before field tillage. The soil type was yellow loam soil, and the main physicochemical properties were as follows: pH, 7.93; organic matter (OM), 18.2 g kg -1 ; total N (TN), 1.37 g kg -1 ; rapidly available N, 124 mg kg -1 ; available P, 32.1 mg kg -1 ; and available K, 467 mg kg -1 . The pH of soil was measured by preparing slurry of 1:2.5 fresh soils to water (v/v) and using a pH meter (OHAUS, Starter 3C). The soil OM was determined by the Walkley-Black potassium dichromate oxidation method (Nelson and Sommers, 1982) . The available N was measured by the alkali-hydrolysis and diffusion method. The available P was extracted with 0.5 M NaHCO 3 by the Olsen method (Blakemore et al., 1972) . The available K was extracted with 1 M NH 4 OAc (1:10 soil/solution ratio) for 1 h and analyzed by atomic absorption spectrophotometry (Lanyon and Heald, 1982) .
The rice cultivar Yongyou 2640 japonica hybrid rice and it was sown using bowl-seedling on 15 May 2013 and 18 May 2014, and machine transplanted on 14 June 2013 and 15 June 2014. The planting density was 30 by 14.2 cm with about 3 seedlings per hill. The tested fertilizer was PCU (N 43%), SCU (N 37%), slow-release fertilizer blend (SFB, N-P-K, 20-10-18), and compound fertilizer (15-15-15) . The SFB was a mixture with 10% of ammonium phosphate, 45% of thin layer polymer coatings PCU (N 43%), which was measured about 60 d released, and 45% of regular layer polymer coatings PCU (N 43%), which was measured about 120 d released. Calcium super P and K chloride fertilizer were mixed to the rate of 20-10-18 (N-P-K).
Experimental Design
The experiment was a randomized complete block (RCB) design with three replicates. The plots were separated by ridges embedded with plastic film to form a plot size of 4.5 by 7 m. Three fertilizers (SFB, PCU, and SCU), and two fertilizer methods including single basal application (B), and combined with tillering urea (BT) were performed from 2013 to 2014 in Jiangsu Yellow Sea Farm of China. Conventional split fertilization (CK) and zero N treatment (N0) as controls. The N rate was 225 kg ha -1 , same for all the treatments except N0. The detailed N rate is shown in Table 1 . The same amount of P (112.5 kg P 2 O 5 ha -1 ) and K (180 kg K 2 O ha -1 ) were applied basally in each treatment. Calcium super phosphate served as the P fertilizer, and K chloride served as the K fertilizer for other fertilizers. Plots were separated irrigation and were kept the same water level. Crop managements followed the high-yield cultural practices.
Measured Variables and Measurement Methods
From transplantation to the jointing stage, three locations with 10 plants each were selected in each plot, and the number of tillers was surveyed every 7 d before panicle initiation. SPAD value was monitored at the middle leaf blade from first to third leaf from the top at mid-tillering stage, panicle stage (PI), the second leaf from the top brand stage (D2), and heading stage (HS). BT-SFB, slow-release fertilizer blend used as the base fertilizer and urea used at the tillering stage; BT-PCU, polymer-coated urea used as the base fertilizer and urea used at the tillering stage; BT-SCU, sulfur-coated urea used as the base fertilizer and urea used at the tillering stage; B-SFB, single basal application of slow-release fertilizer blend before transplantation; B-PCU, single basal application of polymer-coated urea before transplantation; and B-SCU, single basal application of sulfur-coated urea before transplantation. Basal fertilizers were applied before transplanting. Tillering fertilizers were applied 7 d after transplanting. Spikelets promoting and protecting fertilizers were applied at the panicle stage (PI) and the second leaf from the top brand stage (D 2 ), respectively.
An analysis of the aboveground biomass and N content of the plants was conducted at the transplantation stage, panicle initiation stage, heading stage, and mature stage, in which 60 hills per plot were investigated and the average number of tillers per hill was counted. Five representative hills were selected from each plot based on the average number of tillers in the field, and the stem and sheath, blade, and panicles were separated and oven-dried at 105°C for 30 min and then dried at 80°C for 72 h until constant weight, which was measured. The samples were digested with H 2 SO 4 -H 2 O 2 and analyzed for total N using the Kjeldahl method.
For samples taken at maturity, panicles were hand-threshed, and the filled spikelets were separated by submerging in tap water. The filled spikelets were then oven-dried at 70°C to stabilize weight for determining individual grain weight. The number of spikelets per panicle, the grain-filling percentage, and the number of spikelets per m 2 were calculated. Grain yield was determined from a 5-m 2 area from each plot and adjusted to a moisture content of 135 g kg -1 .
Data Processing and Analysis
Nitrogen utilization efficiency values were calculated based on the difference in N uptake in aboveground biomass and crop yield vs. the amount of N applied. Agronomic indices used include agronomic efficiency (AE N ), apparent N recovery efficiency (RE N ), and the partial factor productivity for N (PFP N ) were calculated as described by Yan et al. (2009) . These indices were calculated using ( )
where Y N and Y 0 are the grain yields (kg ha -1 ) with and without fertilizer N input, U N and U 0 are the total N uptake (kg N ha -1 ) in aboveground biomass at maturity with and without N input, and F N is the amount of applied N fertilizer (kg N ha -1 ). The AE N describes the yield increase per unit fertilizer applied and is the overall efficiency with which N is used by the crop. Uptake efficiency of fertilizer N is expressed by the RE N . The partial factor productivity of applied N is more important for farmers than the RE N , as it integrates the use efficiency of both indigenous N and applied N.
All data processing and analyses were conducted using Microsoft Excel 2007. The variance analysis was performed by using SPSS 20.0 for windows to test the differences among treatments. The means of treatments were compared based on LSD test at the 0.05 probability level (P value < 0.05). The standard deviation of the means was calculated by SPSS 20.0 for Windows.
RESULTS
Meteorological Data
As shown in Fig. 1 , from mid-May to early October, which is the growth period of rice, the average temperature was 24.1°C and precipitation was 703.0 mm in 2013, whereas the average temperature was 22.6°C and precipitation was 404.0 mm in 2014. Compared with 2013, the precipitation in 2014 was reduced by 42.5%, which was mainly because of the three heavy rain falls on 5 July, 17 July, and 24 Sept. in 2013, with precipitation of 71.5, 157.8, and 92.6 mm, respectively. In the tillering stage, the average temperatures were 28.8°C in 2013 and 24.7°C in 2014, 4.1°C higher in 2013 than that in 2014. In the panicle initiation stage, the average temperatures were 28.7°C in 2013 and 24.9°C in 2014, 3.8°C higher in 2013 than that in 2014.
Rice Growth Tiller Dynamics
The impact of different slow-release fertilizer treatments on the tiller dynamics of rice is shown in Fig. 2 . Compared with the CK, BT-SFB, and B-SFB demonstrated a slightly low number of tillers in the early tillering stage and rapid tiller growth in the mid-late tillering stage, with the peak number of seedlings of the 2 yr in the two stages raised to 430.0 and 466.8 m -2 and 331.1 and 307.4 m -2 , respectively. Treatments BT-PCU and B-PCU demonstrated less tillers in whole growth stage compared with that of the CK treatment, with a significant difference at the tillering stage in 2013. The BT-SCU and B-SCU in 2013 demonstrated no significant tiller change in the early tillering stage and slower tillering in the mid-late stage, with maximum tillers of 312.4 and 324.0 m -2 and panicles of 180.9 and 186.0 m -2 , respectively, significantly lower than CK. In 2014, the number of tillers in each stage increased, and the number of panicles significantly increased.
Leaf SPAD
The SPAD values of three leaves of rice in each growth stage are shown in Fig. 3 . Compared with the other treatments, the leaf color of BT-SFB was much closer to that of CK, and the leaf color changing trends of B-SFB and BT-SFB were consistent with CK. Compared with the CK treatment, the SPAD of BT-SFB and B-SFB at the panicle initiation stage significantly increased from 44.2 to 46.3 and 47.4 in 2013, and from 45.2 to 47.0 and 46.3 in 2014, respectively, whereas significantly reduced at the spikelets differentation stage and heading stage. The SPAD of BT-PCU and B-PCU were the lowest at the Fig. 2 . Dynamic changes of tillers of bowl-seedling machine-transplanted rice with slow-release N fertilizer. CK, conventional fractionated fertilization; BT-SFB, slow-release fertilizer blend used as the base fertilizer and urea used at the tillering stage; BT-PCU, polymer-coated urea used as the base fertilizer and urea used at the tillering stage; BT-SCU, sulfur-coated urea used as the base fertilizer and urea used at the tillering stage; B-SFB, single basal application of slow-release fertilizer blend before transplantation; B-PCU, single basal application of polymer-coated urea before transplantation; and B-SCU, single basal application of sulfur-coated urea before transplantation. Basal fertilizers were applied before transplanting. Tillering fertilizers were applied 7 d after transplanting. Spikelets promoting and protecting fertilizers were applied at the panicle stage (PI) and the second leaf from the top brand stage (D2), respectively. The data for 2013 are on the left side (a, c, e), and data for 2014 are on the right side (b, d, f) of the figure. mid-tillering stage in 2 yr and significantly lower than that of CK; then rapidly increased to 46.7 and 48.4 at the panicle initiation stage and significantly higher than that of CK, and stayed at a high level at the spikelets differentiation stage and heading stage in 2013. In 2014, there was a slow upward trend during the entire growth period for SPAD of BT-PCU and B-PCU although the value was relative low. The SPAD values of BT-SCU and B-SCU were highest in the mid-tillering stage, then decreased and dropped to the minimum at spikelets differentiation stage in 2013, which was significantly lower than those of other treatments. However, the SPAD of BT-SCU and B-SCU varied little in 2014 and no significant difference existed among different stages except for the heading stage.
Dry Matter Accumulation
Compared with CK, aboveground dry-matter accumulation of BT-SFB and B-SFB were increased at the heading stage and the mature stage (Table 2) . At heading, the increased rates were 8.0 and 22.1% in 2013, and 12.5 and 14.6% in 2014. At the mature stage, the values were 20.1 and 7.6% in 2013, and 4.0 and 1.1% in 2014. The aboveground dry-matter of BT-SFB at the mature stage was greater than that of B-SFB. The dry matter accumulation of BT-PCU and B-PCU was the lowest at each growth stage, significantly lower than CK, except for the panicle initiation stage and heading stage in 2014. The difference between BT-PCU and B-PCU was not significant; BT-SCU and B-SCU showed a significant decrease in aboveground dry-matter accumulation at each growth stage in 2013 when compared with the CK treatment, whereas in 2014, the aboveground dry matter accumulation was numerically greater (P > 0.05). Significant difference between BT-SCU and B-SCU was only observed at the heading stages.
Yield and Its Components
BT-SFB showed the highest yields of 13.6 Mg ha -1 in 2013 and 13.3 Mg ha -1 in 2014 (Table 3) , which was related with the increased spikelets per panicle, seed-setting rate, and grain weight in comparison with CK. However, spikelets per panicle and seedsetting rate in 2013 and panicles per m 2 and spikelets per panicle in 2014 of B-SFB was lower than that of BT-SFB, which resulted in a lower yield and a significant difference in 2014. Due to the lack of panicles, the yields of BT-PCU and B-PCU were lowest in both years and no significant difference between B-PCU and BT-PCU were observed. The yield of BT-SCU and B-SCU varied greatly in 2 yr. In 2013, the yield was lower than that of CK, but the differences were not significant. In 2014, panicle number increased and the yield was increased correspondingly and significantly higher than that of CK. But, the difference between these two treatments was not significant.
Nitrogen Uptake and Utilization
Nitrogen Accumulation
The aboveground N accumulation under different slowrelease N fertilizer treatments are shown in Table 4 . The BT-SFB showed the highest N accumulation at each growth stage, and the difference with CK was all significant. No significant difference was observed between B-SFB and BT-SFB in 2013, and both were higher than that of CK. In 2014, the N accumulation at the panicle initiation stage under the B-SFB was increased by 4.3% compared with that of CK, and the difference was significant, whereas the N accumulation at the heading stage and mature stage were significantly lower than those of CK. The N accumulations of BT-PCU and B-PCU at each growth stage were significantly lower than CK. The N accumulation of BT-PCU at the mature stage significantly decreased by 26.0% in 2013 and 9.2% in 2014 when compared with B-PCU. Except for the panicle initiation stage in 2013, the N accumulations of BT-SCU and B-SCU at each growth stage were significantly reduced in both years compared with that of the CK. But the difference between the BT-SCU and B-SCU at mature stage was not significant. Fig. 3 . The SPAD of bowl-seedling machine-transplanted rice with slow-release N fertilizer; MT, mid-tillering stage; PI, panicle initiation stage; D2, the second leaf from the top stage; H, heading stage. CK, conventional fractionated fertilization; BT-SFB, slow-release fertilizer blend used as the base fertilizer and urea used at the tillering stage; BT-PCU, polymer-coated urea used as the base fertilizer and urea used at the tillering stage; BT-SCU, sulfur-coated urea used as the base fertilizer and urea used at the tillering stage; B-SFB, single basal application of slow-release fertilizer blend before transplantation; B-PCU, single basal application of polymer-coated urea before transplantation; and B-SCU, single basal application of sulfurcoated urea before transplantation. Basal fertilizers were applied before transplanting. Tillering fertilizers were applied 7 d after transplanting. Spikelets promoting and protecting fertilizers were applied at the panicle stage (PI) and the second leaf from the top brand stage (D2), respectively. The data for 2013 are on the left side (a, c, e), and data for 2014 are on the right side (b, d, f) of the figure.
Nitrogen Use Efficiency
As shown in Table 5 , the RE N , AE N , and PEP N of N under the BT-SFB in both years were the highest. The RE N of BT-SFB was 52.7% in 2013 and 38.5% in 2014, which were 33.8 and 13.9% higher than that of CK, and significant in 2013. The RE N of B-SFB was lower than BT-SFB, but higher than CK. The RE N of B-SFB in 2013 was significantly increased by 21.8% compared with that of the CK. The RE N of BT-PCU and B-PCU were lower than that of CK in both years. But the RE N of BT-PCU in 2 yr was 52.3 and 26.1% higher than B-PCU, respectively, and the difference was significant. The RE N of BT-SCU and B-SCU were lower than those of CK in both years, with a significant difference in 2013. The AE N and PEP N were lower than those of the CK in 2013 and significantly higher than those of CK in 2014, whereas the N harvest index was lower than that of CK in both years.
DISCUSSION
The release characteristics of the PCU fertilizer can be controlled by varying the composition and thickness of the coating (Azeem et al., 2014; Timilsena et al., 2015) . The PCU showed a slow release rate at the tillering stage, lower leaf SPAD and N uptake, and less tiller numbers and dry matter accumulation at the rice early stage. Although the mid-late period of rice growing exhibited a rapid increase of SPAD, accelerated dry-matter accumulation, and rapidly increased N uptake, the yield was lower the CK. This result is consistent with the findings of Li et al. (2013) in which the N release rate of PCU is greater in the mid-late period and yield is improved.
Previous research indicated that the application of controlled-release urea can increase rice production by increasing the number of panicles m -2 and spikelets per panicle (Fu, 2001; Ju et al., 2007) . But if there are too many layers of coating to release when rice needed, the tillering should be hampered in the early stage, and the panicles and yield should be reduced . This is the reason PCU leads to less panicles, dry matter accumulation, N uptake, yield, and NUE compared with CK in this study. However, compared with the single basal application of PCU before transplantation, the combined application of tillering urea with PCU used as base fertilizer resulted in a lower number of spikelets per panicle.
In this study, the tiller dynamics of SCU was consistent with that of CK with a high SPAD and large dry-matter accumulation in the mid-tillering stage; however, the SPAD decreased rapidly with slower dry matter accumulation in the mid-late period of rice growth. At maturity, the dry-matter accumulation showed no significant difference from that of the PCU treatment with lower yield, and the values were lower than that of CK, indicating a high N release rate of SCU in the early period. However, there was a lack of N supply in the late growing period. This result is consistent with the findings of Li et al. (2013) , who found that the N release rate of SCU release urea is high in the early period. Therefore, the dry matter accumulation and N uptake in the panicle initiation stage were close to or even higher than those under CK; however, fertility was lacking in the late period, which led to a decline in N uptake and lower production. In addition, the RE N , AE N , and PEP N of applied N were lower than that of CK. The average temperature of the rice growing season in 2013 was higher than that in 2014. The study of Zou et al. (2009) showed that N release rates of the coated slow release fertilizer increased with the increasing temperature. Thus, the reduced temperature in 2014 decreased the release of fertilizer and extended the performance of the fertilizer, resulting in an increased availability of N supply in the late period of rice growth, which improved the effectiveness of the fertilizers. In this case, the SPAD indifferent stages were similar, the dry matter accumulation and number of panicles in the mature stage were increased, and there were numerically greater yield and NUE compared with those in 2013. Additionally, the yield and AE N were higher than those of CK, which is consistent with the previous finding that SCU can improve the NUE in rice compared with regular urea (Zhang et al., 2007; Zheng et al., 2009 ). However, the NUE of the fertilizer was lower than that of CK because the low N content in plants decreased the N uptake, resulting in a reduced NUE. The SCU mainly releases the nutrient in the early period (Azeem et al., 2014; Timilsena et al., 2015) , at the same time as the application of tillering fertilizer; therefore, there are no yield and NUE differences between B-SCU and BT-SCU.
The SFB included the polymer-coated slow-release urea with different release timing, which allowed the nutrient to be released in each stage of the treatment; thus, the changing trend of SPAD was similar to that of the conventional fractionated fertilization, with quick tillering, large matter accumulation, and a high number of panicles in the early period, whereas the adequate nutrient supply in the late period ensured a high number of spikelets per panicle and improved the grain weight, thereby enhancing production. In addition, the balanced nutrient release reduced the nutrient loss, allowing a high N uptake in each stage of the plants so that the NUE was improved, which is consistent with the findings of Chen et al. (2010) . In 2013, the rate of panicle formation under the treatment with the SFB was significantly lower than that of other treatments, which was mainly because of the higher average temperature promoting rapid tillering in the tillering stage of 2013 compared with 2014. During the period of soil drying, a heavy rainfall occurred on 15 July, with precipitation of 157.8 mm, which promoted the growth of invalid tillers and resulted in a lower panicle formation rate; this result indicates a balance of N release in the SFB. Moreover, the application of urea as the tillering fertilizer reduced the insufficient supply of N from the slow-release fertilizer and high demand for N in the beginning of the tillering stage. Compared with the single basal application of the SFB before transplantation, the combined application increases the yield and NUE. The yields of the 2 yr were 13.6 and 13.3 Mg ha -1 , which presented increases of 7.4 and 10.6%, respectively, compared with the conventional fractionated fertilization.
CONCLUSION
Regular layer polymer coatings urea cannot meet the N demand in the early growth period because they mainly release N in the late growth period of rice. By contrast, SCU cannot meet the demand for nutrients in the mid-late growth period for they release more nutrients in the early growth period. Therefore, no improvement of yield and NUE was observed compared with the conventional split fertilization. The SFBs produced a more favorable number of panicles and spikelets per panicle, improved the total amount of spikelets, the seed-setting rate and grain weight, and thereby enhanced the yield and NUE. Compared with the single basal fertilization, combined basal slow-released fertilizer with tillering urea could improve the yield, although the difference was not significant. The BT-SFB got the highest yields as 13.6 and 13.3 Mg ha -1 , as well as the highest NUEs as 52.7 and 38.5% in both years. This indicated the BT-SFB can well meet the N demand for rice and improve the yield and NUE.
